Line profiles of optically thin extreme-ultraviolet emission lines observed in a quiet Sun region at positions within and above the white-light limb with the NRL slit spectrograph (S082-B) on Skylab are discussed. Absolute line intensities and full widths at half-maximum are presented for lines formed over the temperature range from ~ 1 x 10 4 to 2.2 x 10 5 K. The line intensities are compared with the predictions of simple atmospheric models consisting of a spicule component and a thin spherically symmetric component. The observations are inconsistent with the predictions of thin spherically symmetric or network models, but can be explained by assuming that the emission arises from spicule-like inhomogeneities. Random mass-motion velocities are calculated. The velocity increases with increasing temperature of line formation. Near the limb and above ~4 x 10 4 K, the calculated velocity is consistent with the predictions of a constant acoustic flux passing through the transition zone. For the ions formed at temperatures <6.3 x 10 4 K, the velocity is found to increase with increasing height above the whitelight limb.
I. INTRODUCTION
The structure of the upper chromosphere and lower portion of the chromosphere-corona transition zone (~4 x 10 4 -2.2 x 10 5 K) in the quiet Sun is poorly understood. High-spatial-resolution extreme-ultraviolet (EUV) observations show that this region of the atmosphere is extremely inhomogeneous, with the cell-network structure associated with the chromospheric network observed in the Ca n H and K lines being the most obvious inhomogeneity. The nature of these inhomogeneities is unclear. Gabriel (1976) has suggested that the transition zone in the network is as thin as earlier homogeneous models, but is distorted into a convex shape over the network so that matter at any single temperature can be found over a considerable height range. Withbroe and Mariska (1976) and Brueckner and Nicolas (1973) found that a transition zone wrapped around much more extended structures, such as spicules, is required to explain the observed EUV emission at the solar limb. Doschek, Feldman, and Tousey (1975) have suggested, however, that the NRL Skylab quiet limb results are inconsistent with a thin transition zone of arbitrary shape that does not have a variation in the ratio of hot to cold plasma as a function of height.
Mass motions are also observed in this region of the atmosphere. Redshifts that may be interpreted as net down-flowing material have been observed in EUV spectral lines formed in the transition zone (Doschek, Feldman, and Bohlin 1976) . Spicules observed in Ha show upward motions (Beckers 1972) , suggesting that * NAS-NRC Resident Research Associate. material is also flowing upward in the transition zone. Finally, all lines observed in the quiet Sun transition zone exhibit broadening in excess of their thermal widths in ionization equilibrium, indicating the presence of turbulent motions (e.g., Boland et al 1975; .
High-spatial-and spectral-resolution observations made at the solar limb are excellent for probing the structure of the upper chromosphere and low transition zone. Near the limb emission from continua formed lower in the atmosphere is reduced relative to lines formed in the transition zone and is insignificant at heights greater than 2" above the whitelight limb. In addition, above the limb there is a well-defined lower height limit on the radiation observed along each line of sight.
Quiet limb observations from the NRL spectrograph on Skylab have been published by and Kjeldseth Moe and Nicolas (1977) . This instrument has good height resolution in the radial direction and sufficient spectral resolution to measure line profiles. In this study we examine additional NRL quiet limb data, combine our data with earlier measurements, and synthesize an observational picture of a typical quiet region at the solar limb at the spatial resolution of the NRL spectrograph on Skylab. We then compare that observational picture with the predictions of existing models of the transition zone and suggest the characteristics that a model for this region of the atmosphere must have. Finally, we examine the variation of the nonthermal broadening of spectral lines with height above the limb and with temperature of line formation.
EUV LINE PROFILES 699 IL OBSERVATIONS AND DATA REDUCTION
From spectra obtained by the NRL slit spectrograph on Skylab (S082-B) we selected a series of quiet Sun limb observations made on 1973 December 6 from 1530 UT to 1741 UT. The region was on the east limb at 12° S. Spectra were recorded at slit positions of -12", -4", -2", 0", +2", +4", +6", +8", and +12" relative to the white-light limb. Because of the additional complications introduced into the analysis of limb emission by optical depth effects, we have chosen to analyze data on optically thin intersystem lines only.
The NRL slit spectrograph on Skylab has been described in detail by Bartoe et al. (1977) . Spectra were recorded between 1100Â and 4000 Â. The spectral resolution was 0.06 Â below 1940 Â and 0.12 Â above. The spatial resolution on the Sun was 2" x 60". The spectra analyzed in this paper were recorded on Kodak 104 film. Characteristic curves for converting the measured photographic densities to intensities were constructed in the manner described by . The intensities determined from the characteristic curves are in arbitrary units and do not include the instrumental response as a function of wavelength. Most of the line intensities are determined with an accuracy of about 15%. The full widths at half-maximum (FWHM) are determined to an accuracy of about 107 o for transitionzone lines. The width determinations are somewhat more uncertain for narrow chromospheric lines from neutral atoms because they have widths that are only slightly larger than the instrumental resolution.
The intensities measured in arbitrary units were converted to absolute units by using the absolute calibrations given by and Doschek, Feldman, and Cohen (1977) . Absolute intensities determined in this manner should be accurate to within a factor of 2.
In Table 1 we list for each transition the logarithm of the total intensity in the line and the measured FWHM at each limb position. The spectral lines are listed in order of decreasing temperature of line formation. The total intensity was determined from the measured peak line intensity and FWHM by assuming that the profile was a Gaussian. Some of the entries in the table give only the total intensity in the line because the half-intensity point in the particular line profile fell on the "toe" of the characteristic curve and the FWHM was not measured. In these cases, the total intensity in the line was determined from the measured peak intensity at the point and the average of the FWHM at the two nearest limb positions for the same line. The full widths at half-maximum listed in the table have had the instrumental width subtracted as described in . The line intensities measured on the disk are somewhat more uncertain than those measured above the limb because of the continuum subtraction required. This added uncertainty is small for all of the lines with the exception of the 1218.35 Â O v line and the 1908.73 Â C hi line. The O v line is in the wing of the La line, so the accurate determination of the peak intensity and FWHM is difficult. The C m line is weak on the disk. Above +2" underlying continua are no longer a problem.
in. line intensities The absolute intensities listed in Table 1 are close to those determined by for . The number adjacent to each data set is the logarithm of the total line intensity at + 2", except for S i 1900Â, where it is the logarithm of the total intensity at 0". Data points denoted by a cross are from only the 1973 December 6 observations. Each division on the ordinate is 0.3 dex.
another quiet solar limb. For each line we have therefore averaged our intensities at each limb position with absolute intensities determined from their data to produce a mean limb-brightening curve for the line. These curves are plotted in Figure 1 . The curves in this figure have been arranged in order of decreasing temperature of line formation from the top. Because the observations were in a coronal hole at -12", only the new data have been plotted there.
The limb-brightening curves in Figure 1 have several significant features. At limb positions of -2" and less, all of the lines show only a small amount of limb brightening. Except for the coolest ions, O i and S I, the increase in intensity from -12" to -2" tends to be less than the l//¿ limb brightening that would be produced by an optically thin spherically symmetric layer. This may be due in part to the spectrograph slit being covered primarily by network material at -12". Above the limb the height of peak emission decreases with decreasing temperature of line formation. The emission from the lines of S i, O i, Si n, and C n peaks at 0", and the average emission from the lines of the higher-temperature ions peaks between 2" and 4" above the limb. At heights above the emission peak the scale heights for the emission gradient decrease with decreasing temperature.
In recent years a number of models have been proposed for the transition zone between the chromosphere and the corona that take into account the cell-network structure observed on the disk in transition-zone lines. Gabriel (1976) has proposed a model in which the network is a region of open magnetic field that expands to fill the corona. In this model the EUV line emission is produced in cap-shaped structures over each network element. The transition zone remains very thin, but, rather than being approximately plane-parallel, it is distorted into a convex shape, with a spectral line of a given temperature emitted from a greater height over the center of a network element than over the edge of a network element or a cell. In this model the transition zone extends to greater heights above the limb than a spherically symmetric model would predict. Withbroe and Mariska (1976) have proposed a two-component model in which the emission comes from both a thin spherically symmetric layer and a transition sheath wrapped around spicule-like inhomogeneities. From an analysis of the Harvard Skylab data they concluded that 20% of the emission observed at Sun center in transition-zone lines of C n, C m, and N m comes from the spicule component, with the remainder coming from the spherically symmetric layer. Because of the 5" spatial resolution of the Harvard data, they were unable to examine in detail the implications of their model for observations within a few arcsec of the limb.
Because there may be more than one network element in the line of sight at the limb, it is difficult to predict the limb-brightening behavior of a model such as that of Gabriel and compare it with observations. If all of the emission in a line were produced in material with a temperature at the peak of the contribution function for the line, we would expect to see a rapid decline in the emission from heights more than one slit width above the height at which the line is formed. Instead, our results and the earlier observations of and Kjeldseth Moe and Nicolas (1977) show that there is appreciable emission in transition-zone lines at distances of 12" above the white-light limb. In addition, Gabriel's model predicts that the peak emission in the 1892.03 Â line of Si m and the 1218.35 Â line of O v should be separated in height by only about 150 km. When observed with a 2" slit the limb-brightening curves for these two lines should be indistinguishable, even if more than one network element is observed along the line of sight. Examination of Figure 1 shows that the 1892.03 Â line peaks before the 1218.35 Â line and falls with a different scale height above the peak. The effect is small, but it is seen in the individual sets of data. Gabriel's model therefore fails to correctly predict observations at the solar limb carried out with high spatial resolution.
The scale height for the decrease in emission in the 1218.35 Â line of O v is 1450 km. This is close to the 1750 km scale height for the average decrease in No. 2, 1978 EUV LINE PROFILES 701 spicule numbers with height found by Beckers (1972) . The similarity in these scale heights suggests that at least a portion of the emission observed above the limb may be associated with spicule-like inhomogeneities. It therefore seems reasonable to attempt to describe the observations in Figure 1 with the twocomponent model developed by Withbroe and Mariska (1976) . Because the lines we are examining are optically thin, we can use somewhat simpler expressions for the emission at the limb than those adopted by Withbroe and Mariska (1976) . For a spherically symmetric layer with no optical thickness, the emission as a function of limb position is given by
where I 0 is the intensity of the line at Sun center and l//x is the path length through the layer. From Withbroe and Mariska (1976) , the emission due to optically thin spicules is given by
Here / is the intensity from an individual spicule, assumed to be a cylinder, measured perpendicular to the axis of the spicule; N is the total number of spicules in the line of sight to the annulus on the Sun defined by /o; m = 27TpR Q IW S9 where W s is the width of a spicule; and <f> is the angle between the spicule axis and the line of sight. The number of spicules in the line of sight is given by
Jo where N s (h) is the number of spicules per unit area on the Sun with height greater than h. Beckers (1972) has given an empirical expression for N s (h) of the form
where h is measured in kilometers above the whitelight limb and N 0 = 1.6 x 10" 7 km" 2 . This expression is based on Ha observations of spicules and is uncertain below about 5000 km (~7") because of spicule overlap. The total emission at any limb position is given by the sum of the intensities from the two components.
In the top portion of Figure 2 we compare the observed O iv 1401.16 Â emission {dots) with the predicted emission from the model of Withbroe and Mariska (1976) for spicules only {solid o/rre), and for 60% of the emission from spicules and the remainder from a spherically symmetric layer {dashed curve). We have used equation (4) for N s {h) with the scale height decreased from 1750 km to 1360 km in order to match the O iv data above +6". The spicule emission is assumed to begin at a height of 2000 km. The spherically symmetric layer is also located at a height of Withbroe and Mariska (1976) with 100% of the emission coming from spicules {solid curve) and 60% of the emission from spicules and the remainder from a spherically symmetric layer {dashed line). The middle portion is the same data compared with the predictions of the 100% spicule model used in the top portion {dashed curve) and the modified spicule model described in the text {solid curve). The bottom portion is the Si m 1892 Â data compared with the predicted emission from the modified spicule model described in the text. Each division on the ordinate is 0.3 dex.
2000 km. This height is consistent with a number of previous investigations (e.g., Vernazza, Avrett, and Loeser 1973; Burton et al. 1973 ). We assume a thickness for the spherically symmetric layer of 30 km. This is consistent with the thickness of the lineemitting region for any single transition-zone ion determined from a homogeneous transition-zone model (e.g., Dupree 1972) . The thickness selected for the spherically symmetric layer is not important for determining the emission as long as it is much less than the 1450 km slit width of the instrument. The predicted emission curves have been smoothed with a 2" window to account for the slit function of the NRL spectrograph. The model curves have been normalized to agree with the observations between -4" and -2".
Neither the spicule model nor the two-component model predicts the observed emission above the limb. The emission predicted at the peak in the limbbrightening curve is too large by at least a factor of 1.3. At radial heights above the peak both models predict less emission than is observed. At +6" the observations are a factor of 1.6 larger than the predicted emission from the spicule model and a factor of 2.6 larger than the predicted emission from the two-component model. The lines we are analyzing have negligible opacity, but a small amount of continuous opacity at +2" could reduce the emission observed there. Since the spicule model produces the 702 MARISKA, FELDMAN, AND DOSCHEK Vol. 226 maximum emission above the peak in the limbbrightening curve, no change in the fractional contribution of spicules to the total emission will result in a limb-brightening curve that will fit the O iv data above +4". Thus the two-component model that Withbroe and Mariska (1976) found would fit the 5" resolution Harvard Skylab data will not reproduce the 2" resolution NRL Skylab data without additional modifications. Similar conclusions follow for theoretical fits to the limb-brightening curves of the other ions shown in Figure 1 . On the basis of the discrepancies pointed out above, we can state some general requirements for a successful model that will describe the emission from transition-zone lines. First, the emitting material for any one line must be distributed over a large range of radial heights above the limb. Thus a thin, spherically symmetric layer will not reproduce the observed emission. Examination of Figure 2 shows that even a 40% contribution to the total emission by such a layer will result in a limb-brightening curve that will not reproduce the observations. Second, for radial heights above the peak in the limb-brightening curve, the amount of emitting material in the line of sight for any one spectral line must decrease exponentially with height. The scale height for this decrease depends on the temperature. It is near the spicule scale height for lines such as O v 1218 Â and has decreased by a factor of about 1.5 for the Si n 2350.2 Â line. Finally, near the limb the emitting material must be distributed in a manner that will result in the observed displacement of the peak emission from lines of different temperature. Comparison of the emission from O v 1218 Â and Si m 1892 Â in Figure 1 shows this trend. The O v line peaks somewhere very close to +4", while the Si m line peaks much closer to +2". This is a difference of over 1000 km. The C n 2325.4 Â line and Si n 2350.2 Â line peak at 4-2" or less. As we stated earlier, this last requirement is in conflict even with the predictions of models such as Gabriel's (1976) that have a thin transition zone that is distorted in shape to cover a larger height range.
The spicule component of the Withbroe and Mariska (1976) model can be empirically modified to conform to the requirements outlined above and provide an improved fit to the observations. To fit a particular line, such as O iv 1401.16 Â, we change the height at which a spicule begins to emit to fit the location of the peak in the limb-brightening curve and adjust the scale height for the decrease in spicule numbers with height to fit the observations above the emission peak. This is shown in the middle portion of Figure 2 . Here we have plotted the O iv 1401.16 Â observations {dots), the emission predicted with the spicule model used in the top portion of the figure {dashed line), and the emission from a modified spicule model {solid line). In the modified spicule model the scale height for the decrease in spicule numbers is 1360 km above 4350 km ( + 6") and has been increased to 2330 km between 2000 km and 4350 km. This change in scale height increases the amount of material at large heights relative to the amount predicted by the spicule model with a constant scale height. To fit a cooler line, such as Si m 1892 we move the height at which the emission begins inward and change the scale height. This is shown in the bottom portion of Figure 2 . Here we have plotted the Si in 1892 Â data (dots) and the emission from a modified spicule model {solid line). For this line the emission begins at 1600 km. The scale height is 1200 km above 4350 km and 2000 km between 1600 km and 4350 km.
There are, of course, many other possible ways to modify the Withbroe and Mariska (1976) model. For example, some fraction of the emission could be attributed to a spherically symmetric layer, and then the scale height for the decrease in spicule numbers below 4-6" could be adjusted to produce the emission required to fit the observations. We have discussed only the spicule component because for the Si m 1892 Â line and the lines formed at higher temperatures the observed emission comes primarily from the network.
The changes in the model parameters required to fit the emission in each spectral line can be interpreted in a number of ways. The simplest interpretation is that the EUV emission is associated with the spicules observed in Ha and that the changes in scale heights reflect a variation in the number of emitting ions as a function of height in each spicule. For a cylindrical spicule with a transition sheath surrounding the cool Ha-emitting core, this would imply that the ratio of the radial thickness of the cooler layers to the radial thickness of the hotter layers decreases with increasing height along the spicule. So, while a spicule would still be surrounded by a transition sheath, the temperature structure of the sheath would vary with height along the spicule. Thus the decrease in scale height with decreasing temperature simply indicates that there is more hot material at large heights in each spicule than there is cold material.
IV. NONTHERMAL BROADENING
The shapes of the lines listed in Table 1 are approximately Gaussian. Some deviations are apparent in a few of the lines and are probably due to clumping of film grain and the general nonuniform nature of the film.
Inspection of the line widths listed in Table 1 shows little or no change in the FWHM with height above the limb for lines formed at high temperatures (N iv, O iv, and O v) . The cooler ions, however, show a tendency to increasing line width with increasing height. This effect has been noted previously in lines of Si ii and C n by Doschek, Feldman, and Cohen (1977) and in lines of Si m by Nicolas et al. (1977) . The data in Table 1 show that the same trend is present in lines of C m and O m.
If all the broadening mechanisms are assumed to produce Gaussian line shapes, the FWHM of an optically thin line due to thermal Doppler broadening No. 2, 1978 EUV LINE PROFILES at an ion temperature T x and random mass motions is
where A is the wavelength, (¡q is the most probable velocity, and the other symbols have their usual meanings. The instrumental width has already been removed from the data presented in Table 1 and thus does not appear in equation (5). We take T { equal to the electron temperature of the maximum of the line contribution function, i.e., where G(T) = 7^" 1/2 exp (-W/kTe) Af(ion)/7V(element) is a maximum, where WjkTe is the ratio of the excitation energy of the line to the electron temperature, and AXion^TVXelement) is the ion population ratio. Using the ionization balance calculations of Jordan (1969), we have calculated the most probable velocity for each ion in Table 1 at each height above the limb. These velocities and the temperatures at which they were calculated are presented in Table 2 .
Inspection of Table 2 reveals that all of the lines show some tendency to increased velocity at increased heights. Near the limb the velocity increases with increasing temperature of line formation in the manner noted by Boland et al. (1975) for disk center observations and by and Kjeldseth Moe and Nicolas (1977) for observations at the limb. At larger heights above the limb the velocity continues to show a tendency to increase with increasing temperature of line formation, but the lower-temperature lines increase by a larger amount. Thus at a height of +8" all of the lines formed at temperatures above 4 x 10 4 K have nearly the same velocity. This suggests that the nonthermal broadening is not simply a function of temperature but is also a function of height. The average velocity of 28 km s _1 for all of the lines formed at temperatures above ~4 x 10 4 K is close to the coronal nonthermal broadening velocity of 30 km s _1 measured by Feldman and Behring (1974) . It is somewhat larger than the nonthermal velocity of about 20 km s _1 measured for a particular region by Doschek and Feldman (1977a) in coronal forbidden lines.
Although there is emission from most of the lines listed in Table 2 at large heights above the limb, the maximum emission occurs at +2 ,, to +4 , ' above the limb, indicating that most of the material responsible for the emission in each line is concentrated at these heights. In this height range the nonthermal broadening shows the largest increase with increasing temperature. In Figure 3 we plot for each line the average nonthermal broadening for all limb positions with total intensity within a factor of 2 of the maximum intensity against the temperature of line formation. Also plotted on the figure are the nonthermal velocities for the same lines tabulated by and the nonthermal velocities listed by Boland et al. (1975) . The Boland et al. velocities have been converted to most probable velocities from the rms velocities they tabulated.
The agreement between the two sets of Skylab data is excellent. At each temperature the data points in Figure 3 show much less scatter than the data presented by and Kjeldseth Moe and Nicolas (1977) . As pointed out by Doschek and Feldman (1977Ô) , this is due to our use of only optically thin intersystem lines. In the region of the atmosphere responsible for most of the transitionzone emission there is a strong correlation between the nonthermal broadening and the temperature of line formation. Any theory that explains the turbulence observed in this region of the atmosphere must account for this correlation. The nature of the observed nonthermal broadening is uncertain. Boland et al. (1975) interpreted it as the result of a propagating wave mode, either acoustic or MHD, that is responsible for heating the corona. The other possibility is that the nonthermal broadening represents turbulent motion in the atmosphere. Whatever the cause of the broadening, we can immediately conclude from the agreement of the Boland et al. (1975) disk measurements, the disk measurements of Feldman, Doschek, and Patterson (1976) , and the NRL Skylab limb measurements that it is isotropic. The OSO 8 results given by Shine et al. (1976) also substantiate this conclusion. The mechanical energy density E is then given by E = yv m *,
where V m is the rms velocity along the line of sight and p is the mass density. If the nonthermal broadening is due to propagating waves, then, following Boland et al. (1975) , we can write expressions for the energy flux passing through the transition zone. The energy flux is given by (j> = 2EC,
where C is the propagation velocity of the mode. For acoustic modes C is the sound speed, and we have
where P is the pressure. For MHD fast mode propagation C is the Alfvén speed, and we have
where B is the magnetic field strength. Using the perfect gas law, we can eliminate the mass density from equations (8) and (9), giving
Here /¿ 0 is the mean molecular weight, m p is the mass of a proton, and k is Boltzmann's constant. Equation (7) is based on the assumption that the energy density E is due to a sinusoidal wave propagating in a particular direction. The extension to isotropic nonthermal broadening in equations (8) and (9) is uncertain. If only a vertical mode is responsible for the energy flux, then the fluxes derived by using equations (10) and (11) should be reduced by a factor of 3. For more complex structures, an area factor must be used to compute the flux. If this factor does not depend on temperature, then it will change the absolute values of the fluxes derived by using equations (10) and (11), but it will not change the functional dependence.
Conventional models of the transition zone suggest that the wave flux through it should be constant or decrease. If <j> s is constant and the pressure is constant throughout the transition zone, then V m should be proportional to T 1/4 . In Figure 3 we have plotted fotfo = V(2/3)F m ] as a function of temperature determined from equation (10) Comparison of the curve with the measured nonthermal broadening shows that the data are consistent with a constant acoustic flux at temperatures above ~4 x 10 4 K. The data are also consistent with a constant Alfvén wave flux above this temperature, provided the magnetic field is constant. Below 4 x 10 4 K the observations fall below the constant flux line. For acoustic modes this discrepancy indicates a decrease in <¡> s . For MHD modes it is possible to hold <j> F constant by increasing B.
The temperature at which the observed turbulent velocity begins to fall below the constant flux line in Figure 3 corresponds to the temperature at which the contrast in emission between network elements and cells exhibits a sharp decrease from at least ~5 to at most ~3 (Feldman, Doschek, and Patterson 1976) . Therefore for temperatures lower than ~4 x 10 4 K the EUV emission may arise from a different combination of emitting structures than is the case for the higher-temperature lines. A possible consequence of this is that the values of <j> s derived from the lower-temperature ion data may be different from the value of <j> s derived from the higher-temperature data, and thus the entire set of data in Figure 3 cannot be matched with a single value of <f> s . A second possibility is that the departure from the constant conductive flux line indicates a change in the fractional area of one kind of emitting structure with temperature. Boland et al. (1975) took this into account by multiplying the mechanical energy density by an area factor. To bring the constant acoustic flux line into agreement with the data below ~4 x 10 4 K would
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require that the area factor increase by about a factor of 2 between 10 5 K and 2 x 10 4 K. The cause of the observed increase with height of the nonthermal broadening for cooler lines is unclear. Assuming ionization equilibrium, the increase is too large to be explained by the emission seen at the higher limb positions coming from plasma at higher temperatures than the emission near the limb because the contribution functions for these lines fall sharply as the temperature rises. If the magnetic field associated with the chromospheric network decreases with increasing height, equation (11) would permit an increase in the turbulent velocity to maintain a constant energy flux. This possible inverse correlation of the turbulent velocity with magnetic field strength has been observed in several cases where small turbulent velocities were derived from EUV spectra of regions with large field strengths (e.g., Cheng, Doschek, and Feldman 1976; Doschek and Feldman 1911 a) .
Because the transition zone is highly inhomogeneous, the interpretation of line width measurements of transition-zone lines by using simple expressions such as those derived above should be considered as only a rough attempt to understand the nature of the physical processes at work in this region of the solar atmosphere. Our aim has been to show that, contrary to the analysis of Boland et al. (1975) , we find that the nonthermal broadening data do not require an increase in the energy flux with temperature in the transition zone. Further progress requires observations with improved spatial resolution to allow the study of the turbulent broadening in individual structures.
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